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1020030029073 %:^ ^7}: 2004/2/23 

light emitting diode: LED)^ eflo]^ cfo]^.c( laser diode: LD) ^7]^ ^ ^> 

uj-o] <#;g°] _o,ni ^^(Ohmic Contact) ^rtb ^°l^f. 

^s^f- ^r£^ll -H-Ml(Ni -based Solid Solution)*- ^-bv 

al^^ ^ <3<*HH ^ (transmittance)l- 
S. 5 

tt4°li=, efl°l7-1 ^-oi^.c ; WzM- 
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1020030029073 #^ 11*1-: 2004/2/23 

^•^«]-av *J n ^^^^{Metal thin film and the produce method for development of ohmic 
contact using Ni-based solid solution for high-quality optical devices related to GaN} 

£ 2^ ^4 H ^HH 4€- *H2^MS<*I| 4tr 1^4 #^r44 ^^14. 
^ 3-^ ^4 ^AlofloU XCJ-^- ^wvnvo] q^_ u>ZLvi ]^ j7-g-^o| # ^ ;£ o] cj. . 

£ 4fe £ 1^4 <a ^Al^ofl 4h ^^4 q^-u^ifl^ ji-g-^)l(Ni-Mg Solid 

Solution)^ XRD^-S*!, ( a )^ <£t.]z) £4 £4, (b)^ 550°C , l£- <I*|5]^: m4°14. 

£ 5^ ^ 1f^4 «J ^Al^ofl 14s ^^4-0^ 5 x i 0 17o) ^ 

tf-M q^-^>nt|l^ Ji-8-^/-g-(Ni-Mg/Au)-i- #44^1 4-§-, ^^el ^4 rfltr 

£ 6^ -g- t<34 <Q ^c|oJ 4=. ^444 Corning glass 4^1 4 ^-4^11 # ji-g- 
*H/^-(Ni-Mg/Au)-ir ^44^, 1*14 «r 4^§- 6 fl ¥45. ^4°14. 

£ 7£r 1^4 1 ^HH icf-s =4^^ q ^-p}.^ # ji-g-4 (Ni-Mg Solid 
Solution)^ AES depth profile ^4^.4 , (a)^ 144 #4 ^4, (b)^ 550°C , l£- 144 
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1020030029073 #5] <Qt]-: 2004/2/23 

£ 8£r ^ *3*HH ^^MH 5 x 1 0 17^ ^^o] ^5L# ^ £ 

#Jfofl l^^-n>Z!Vil^ j7-g-^/^^(Ni-Mg/Pt)# ^^1^1 tf-S-, £*]3] ^ 3=Lofl tfl^ 

S. 9^ £ «a ^HH *r€- ^«VsHH 5 x 10175] 7}) 5^ £fe ^ 

q^-n>zitil^ j7-g-^/^ci^-(Ni-Mg/Pd)# ^M^l ^oZf :fofl 

1 : Ji-Ml 2 : 

3 : p^ 4 : 7}% 

5 : A]2^ 



[tg^o] 4*«Hr 71 ^ ZL ^-o>ol ^5fl7l#] 

^s^#(GaN) *KE*fll- ol-g-t!: ^ i-H^ t# q-o] 

^-BClight emitting diode; LED)^- 3H*i laser Diode; LD) ^71^ ir *r 

M-^l *!({£) -2-^ -IUS5) ^51* °o^Sl ^.n} ^^(Ohmic contact) ^<H1 
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1020030029073 #^ <£x\: 2004/2/23 

cWijr ^ eflo]^ cfo]^ ^4 £o] aVESfll- oj-g.^ # t}ti}-ol^ 

(photo-related devices)* ^s^l 3]*lHi=- aV£3l£f Sl^-*H ^-g- ^ 

(Ni/Au)^ ^ MVnVol _2.nl ^a^g. <fl 3. =4* «T-nT- AV-g-^J7 olo^ ^ e 

Ni/Pt/Au, Pt/Ni/Au, Pd/Au ^-4 ^-o] oni ^ ^ a^eAo] 711^^ Jl ^t}-. 

ZLl- ^o.]^, ^-§1 p ^ 2]5}-Zj:-§- ^ Af-g-S]^ ^-^71 7ViO] ^S-M °f(NH3) ^ ^(H)7]- p 

^ 5L£Ho] M g4 ^71^ Mg _ H (complex)* *8>S*H 

^-^8: ^JL 71]b]<H -^(effective carrier concentration)^ 7R V ^Tfl £)<H 

P^ #7H7lJ17> oj|^ Z r4 ^-ol ^ ^IS)-^^ 

^£ ^5f^#^ ^, 1*1 C]«- -f-sfl ^^-^* <J^ vflofl ^7))SRr H^H^l 

132001-35796]. 5E ^ «flS^ t ^S]-^# ^ofl ^-o><g ^-(Ni /Au-Zn/Au)^ 

«]-ni- ^3}-a.^ ^ ^^[rfl^^-^ ^-2001-0002265]. 

^ *>u|-°] Cf^. ^-7.1^ ^^oflA-loj ^.o. Jp-a)..^ o^o} ^nl ^ Aj^Efl 

ol ft^r ^*fl LED -^<HH Af-g-sl-zL 5tife ^/^(Ni/AuH rfl*V Aj^Efl-g- ^ ^ 

*fl( <~100A )«- °l-g-*H 80% o^jz oicf. 0)5!]- ^-o], 
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1020030029073 #^ <Qx}: 2004/2/23 

°1 M ^*^r fe£r ^xr SZ^m, «V^1 3^ ^ ^(current 

injection & spreading^} Jl-§t# ^1^^. 



<20> olofl ^^^^ p ^ ^S^-g- ul-g-^CNi -based Solid 

Solution)!- ^ ^3}- * , n>zitil^(Mg)^ e*1«1M l^e)^^ ^ 

(transmittance)* ^#^1 ^ ^^Efl^. ^p-^^>ji^> sj-^cf . 

<21> 7)#fV 37>^1 ^-*1# ^^)^j7^ 7 fl^ 71 *1£| Cf= A!} 711 

uo] qaj-nf nvi] ^ JL-g-^lCNi-Mg Solid Solution)!- °l-g-*V .2.^ ^ ^^7l^ ^ 

<22> Q u|^-n>ZLi.ll^ JL-g-^KNi-Mg Solid Solution)^ -f^tr ^ ^Is)-^-^ Mg-H ^-i- 

^■3)*H, H^riM" ^-^HH^l ^JL 71] e] <H ^-E-fr ^7>Al7jcf. 

Mg y 0)^l v\ % ^E^r ^ ^^rSbi- ^l^Tll ^cf [A. Azens ef a/., Thin 

Solid Films 422, 2002, 1] . 

<24> © Ni-Mg ^-EfliOlH J±fe «>4 fl^-fr o>ZLMl#(Mg)^ M^(Ni) S.*H 

ofl ^JlS JI-g-^ ^-EflS ^T^JI 71 Hfl^-ofl ^^SlAl ^ Ojcf. [M. 

H. G. Jacobs, P. J. Spencer, J. Chem. Phys. 90, 1993, 167]. 
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1020030029073 #^ eJ*}: 2004/2/23 

<25> © a.^ ^o] i^^(Ni) S^r ^7}& X^^Sf ^(Ga)^ 

^-§- ^(gallium vacancies)* ^^s>t11 
<26> ^V 7 R> u>sf £oj ^st^f- $H qaj-uj-zL^ Jl-Ml/^-(Ni-Mg/Au)^: 3# 

^ 71^1 JiJiiL^ ^» £ 

<27> rtf^i ^v^o^ slt^o. u|^-P>zLtil# Jl-g-^(Ni-Mg Solid Solution)!- A>-g-*M 

*K£3HHcq *jjr ^ ^X®,®,©)^ ¥*K£« *l\d((2)) -f^* 

^713, 13 ^ ^.7^9] ^L5i ^ Al^Efl( 0hm ic contact metal 

system)* afl^ofl $1^. 



^^"^ ^s^f- A o v -¥-°fl -H-MKNi -based Solid Solution)* S.^ 

*V Jl-§-31 ^-71 JL-M1 ^ofl Au, Pd, Pt, Ru, 

(TCOs) ^ 1^ 3£f-*Kr 

<29> a. t^ofl^ u|2Bt]1 ji-g-^(Ni -based Solid Solution; Ni-X)^ ^*3(Ni)* S.*fl5. is}JL, 

Mg, Be, Ca, Zn, S, Se, Te^ 1^* i^W. 

<ao> a. ^-^ofl^ q^Tj] Jl-g-^KNi -based Solid Solution; Ni-X)« ^*Rr XQ±.±± <£z]Z. 

^(Sb), ^f-^- ^^r^ ^$WH(<~700t:) ^ ^ ^ 1^ o]a o v 
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1020030029073 <gz}: 2004/2/23 

<3i> q^Tfl jl -g- *H (Ni -based Solid Solution; Ni-X)* X^s\ % 7 }v] 

^1-49 at.% -§- 

<32> ^ ^oflAi ji-g-^i ^-Tfl^ l-io.OOOA; ^ l~50 ( 000A^.S 

<33> ^o\}*} HI Cf€- 1^^711 

(Ni-based Solid Solution)^. 3l^#-4; #71 JL-M ^ofl ^#£)*| 

Au, Pd, Pt, g Ru5*IM 5L^>^ *fl ^#^f; 1^-4? 

Al, Ag, Rh^H -id^=)fe i^-t-Vuf. 
< 34 > £ #7) tfjs. ^ wvn^ ^ i^-a, cflA] ^ ^^(TCOs)^: 

^^}JL\ #7l ^ #5.$ ^sJ-l-(TCOs) Al, Ag, Rlr^H ^^tt i^^Hr 

2^ ^d^-fr iWcf. 

<35> ^ Aj-y] cf^. ^ HVnV^ j7-g-^ 1~10,000 A; 1^4? 

1~50,000A;^ *ll 2^ #^2) ^l^r 1-50, 000 AS. ^^^cf. 

^ ^S^f- ^ofl =4? flo^, Jl-g-^# #^ 7 ] ^ofl ^ 

3-^-§- *K£3l^ *Bi#^- l-^#^r ^l^Kr ^711; #7}^ 

(e-beam evaporator), B\ *y (sputter ing) , ^ ^^7) (PLD) ir *>M-# °1 

-^r^ 2 x 10~ 6 ~ 5 x 10" 8 Torr ^ «HH #31; #7l ^ 250 ~ 800 
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1020030029073 Qx}: 2004/2/23 

<37> :g. =4- xj^fo S ^ ^ ^2}-^ ^ ji^-^( N i -based Solid 

Solution)* ^ cf^-, ^s^* ^f^H ^JL 7fle]<H ^£1- ^7>a]^ 

(transmittance)-I- JL^-$\ ^ Aj^efl-g- s^tf. 

<39> S. 1^1^ ^ ^"^oll^ 7fl^t!: M^^l Ji^-^KNi -based Solid Solution) ^^(1)^ ^ 

^S#(2)ol £*mSL5L 71^(4)^"^ ^S}-^##(3)^^1 3#€ ^£7} 71H5H oic|-. 
<40> # 7 ] ^^(1)^ ^S^f- ti>£^l^ ^.^ ^^*>7l ifltb p 

<41> ol^f ^-o] ^Js^-f- a>£^<2}- ^#*Rr ^-71 Jl-g-^fl^ ^ ^£(600 <>1*}HH <l^e) 

vfl^l Mg-H ^U-§- ^711 ^*>-g-^ ^Efl^ ^7fl^ .H-g-^ ^(MgH JE^J: 
sKdoping effect)!- ^s^-g- ^ ^3HH ^JL 7fl^ ^7>A]^lcf. 

<42> o le ^ V ^z^g- S i£o] ^ -^iL 7fl^c^ ^(>10l8 C m-3)^ ^#*> 

^ ^ 711^^1 ^fl^Rr 4iB7l Cf^ 7fls]c^ol #(hole)»°l 

7 fl^^ (tunnel ing)jL^l- -f-*H ^ 7fl^^ #;£^^v§- IHM^ ^ oi^j. 

<43> A o V 7 ]^ ^o. iL^^^-l- d>^^>^ JX-g-^o^ cfli^ol <^}^ 7 0 >*V ^ ^Isl-^-i- 

M^Tll ji-g-^l( N i -based Solid Solution; Ni-X)7> ^o.^ q^S ^7}*}?}^ X €i 

-f-ii *K^l^(Mg), tifl^#(Be) ( ^gKCa), °}9l(Zn) 2^ ^l^Hl ojs. -g^ 



26-10 



1020030029073 #^ 2004/2/23 

p<8 *J3^#3] JE^B (dopants) ^«-g- *>*f aj-el-Ai o]^ ^ffo q ^ 

(Ni) |7H}<^ ^-g, <3*HH ^-Efl7V Oj-qe)- Jl-g-ig ^fl^JL 

^ ^ <I^e]€r}^ £^H(dopants)S^^ <3^g- M^(Ni) 

°o^^ -2.^ -8-°lsM] ^ ^ A> s ^q. 

<44> M^(Ni) ^ ^7]-<5Rr X %(S), H3l-H-(Se) ^ €efl^(Te) f-^ 6 

(dopants) ^§ ^ h>o_o_ z}--g. *§^*H uf^o) ^-^g- -fr^sj. 

<45> ^#(2)£r ^q-M]-^-^ £\^<LS. Cj-ol o_£L^ £flol^ Cfol^c -q ^ 

^^1 3-8-3^ ^(300-700 °C)^-^ ^ !M3*Kr S^S] ^-(surface degradation) 

<46> ^ 7] q ^ ,0^2:^^- ^§>^ ^^§#2] tflS^^l <*]3-^ ^"(Au), #^^-(Pd), ^ 

^(Pt), ^M)^-(Ru) ^ ^4 ^ ^-Sl-l-(ITO) 5E^ °}<a ^><2}-i-(ZnO) -4 ^ J=- 

^ ^Sj-l-(TCOs) ^-0} 01 q. 

<47> 5L 2^1 -£A]^<>| oi^ ^q ^ 2^^ofl q*V ^ al-ni-^- ^"(1), 

^ ^^"#(2), *)1 2^ ^i^(5)ol ^>^^S. 7l^(4)4 v ^ ^^(3)$\°\] 
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1020030029073 #^ 2004/2/23 

^3 ^ # ^#(2)^ ^^^o.S -S^f^. 

<49> -#7) 4 2^ €^#£r t# 4<>1^(LED)S] ^Jl^ ^cflsH^l ^ 

LED^S^ <3^£^ ^ cfol^c( F iip chip: t-^)* *\}^7] ^«fl SL^t}. ^l* ^ 
*V ^^CL^^r ^ol^-(Al). ^(Ag), S#(Rh) ^-o] oi o|f £ - ^- 7 j 

<so> E 30. ^ A >-g.^ u|^-p>zli--11^ Jl-g-^KNi-Mg Solid Solution)^ tfl^ °l-g-^ 

^-Hfls.( p hase diagram)°l 4. 
<51> c>ZLVil^(Mg)^ 7j-$- ^ ^o|o S M^(Ni) £.*lH nj-HLil^^- ^7>A]^ 

< 52 > £ 4^ ^ A>-g-^ q^-n>ziv1l# ji-Ml(Ni-Mg Solid Solution)^] c}]*}- 1 

<53> ( a )^ ^ XRD^iiL^, ^^#(GaN)^ 7l#o.S ^>-g-^ *}^°) °] (A1 2 0 3 ) 

^1 (Ni-Mg Solid Solution)^ rfltb 2)3.7}- S^sq^t)-. 
< 54 > ^, ojsf ^ i^^-u>ziv|l# ji-MItt £ji $X°] p^ 

A o v ^-^l *1 Mg-H 3£<H^<H S.^} n^o} ^-SM" #7]-Al7l^ <*^g; *)-7)l 

(b)fe 550°C, l-g-?i 1^3*]; 3f-2] XRD^^i, p ^ ^sf^#(GaN) ^{3.^- tj^o] , 
^ q^-n>^.vil# Jl-g-^KNi-Mg Solid Solution)7} u)^-n>ziv|l# ^S|-§- JL 
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1020030029073 #^ 2004/2/23 

-g-*H (Oxidized Ni-Mg-0 Solid Solution: Nii- X Mg x 0)^ i^-iM- 3)-^-i-<y NiGa ^-a}o\] 

<55> s.^, o] aVS}-# j^Mlfe ^JE^ ^Vs)-#S.^i M^/^-(Ni/Au) ^-S^H M^i-Hr 

^#(NiO)^nf 3. ^ 3.- ^ ^sj-zHg- -f$H ^ ?fle| 

<^<?1 #(Hole)# ^^r^l ^ iH?| ^ ^cl-i- *§^X\^ -f^*V s.^ o. ^ ^ 

<56> E5r5x 10 17 ^1 ?fle]^ ^ p ^ ^jr^-g^ ^Jfofl q^-nl-ZLvil^ 

(Ni-Mg/Au)# ^M?l ^ «g*]B] Jfbfl cfl*V ^71^ ^^l^. 

<57> ^-71 ^7) 450 °C 4 550 °C , 1^5] *V ^ #ff--*i<£ ^ 

A A 8.45 x lO- 6 2]- 6.08 x 10~ 6 erf ^ *11M ^^^h ^ , ^ 

7lo])^ <^o]^i ZLEflH^r -f^tr -2-^ ^#(ohmic contact) Ji^^Mr ^SKb ^ =L 

2fl2o]c-11 i£*fl, ^ £-^7HHtt 3^H3 ^(rectifying contact) «1 -5d ^ ^EflHl- 

<58> ^ 6 -£r Corning glass $H q^-n>ZLt1l^ JH-Ml/^Ni-Mg/Au)^: ^^1^, 550 °C , l£ 

<59> ^3}-^ ^$\9l 370~450nm 80% i=:cf_£^- ,4^51 ^cf. o^ u l2{o S 

W-^Si ^^71^ =-4? 100A °H a>«fl ( 

& ^ ^#*r Or 200 A cf^ ^-^4, 80%°R V ^ -f^rtr 4 
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<eo> £ 7 £. a. ^ofl A>.g-^ u]^-o>zivil^ ul-g-^KNi-lfe Solid Solution)^ § 

# -g-^CAES depth profile) &^3.*\ , (a)^r l^e) ^ ^4, (b)fe 550°C , 1-g- 1^e|tb 

<61> *}o] q^(N.i)3l- ;t^oj u>ZLvil^( M g)ol ^J^f- & 

-§"§: SH!« *r Sa^-. £ ^-*H*r iL<^*l *Mltr *K±Ml#(Mg)s] AES cfl o] e] 3.Jf 

Ei ^Ml^^r Sj-W^ *§£fl 7 > 6>u|^ q^(Ni) -^ofl Jl-g-S] Aj-Bfl^ ^T^JI <£ 

*r 5U4. 

<62> £8^5x 10 17 ^1 fflcH p^ M *S-n}-ZIV-|l # JL-M/^ 

^-(Ni-Mg/PO-a- * *7l £-^7HH #713 

<63> 450 ~ 650°C , *V ^4, is] ^ ^&°] 

10-5~i0-6cuf ^#(ohmic contact) iL^^^r ^2flH« <£-8: 

<64> £ 5 x 10 17o^ ^^o] ^-5L# ^ p^ q^-^ZLtil^ Jl-MlAt 

2M-§-(Ni-Hg/Pd)-§- ^*M?1 * *7l *fl7H^ ^^)B)*H ^7l^ If-^ %3±o]z%. 

<65> 450 TC, l^e^ *> ^ ##-31 #^£- ^4, £.*J *R V & 0 1 lO^ciif 

. ^^o] o.ui^ ^^(ohmic contact) iL<*|^ ^ nefl^* <£-jr ^ $191^. 
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<67> <^Al^l 1> 

<68> p *§ ^s^f-CGaN)* H2]tSSli^, °MI^-, f^^S 2^-4 4]^7l 

(ultrasonic bath) <?HM 60°C^£S ^ 5^ oi^ 
^l^^>7l ^<5>o} loot: ^l^i 10-& ^<?> *>H- wflol^(hard baking)*}-^. zz.e} t±&, II s) 

4,000 rpnHH ^€ 3.^^\3XA. =L 88°C <>1H 10^- i£H wfloRUsoft 

baking) <5}-:n n>^3. sflei^ ^^-*>7l $J*H 13*1 (align) cf^-ofl 2 2.8 

mW #5=0} uv6j] io^ s-oj t #Al7lJL, ^4K^ a]!- 1:41 £^ -g-^ ^Hl 

<69> n ^ B0E -g-^-i- ol-8-«fl Al^ofl ol^ 0_^#-g; ^l^^l *}aj ^ *H 

^^.d^, #*KI (electron-beam evaporator)!- ol-g-S'M u|^-u>iii4|«£ (Ni-Mg 

Solid Solution)^ ■^■(Au)-i: ^ 100A ^j^- ^HrS^r. o^^o.^. s]HB 5.= ( 1 ift-of f ) 
^-i" Ti^l 3s 7}fl (Rapid Thermal Annealing : RTA)«*HI ^1^1 ^#<H 5E^ € 

i &$)7] sH^I 450 ~ 550 °C , 1* ^91 1*)E)SH ^ ^# ^fr *il 

<70> <^A]^1 2> 
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1020030029073 %^ 2004/2/23 

<7i> M^M-ZLtfl^ Jl-g-^(Ni-Mg Solid Solution)!- ^^r^r ^ V\7] ^ ^7) ofl 

^°A*\7\] *r^*|-Sa^, ^7l* °l-g-*H B -^(Pt) 100A ?^fAS 

. «MgiS Bl=H i= (lift-off) ^^-i- 7\ € ^, ^ 7}^S (rapid thermal annealing 
: RTA)*HI *lJL-fr t^<H -g-71 *fl7l 450- 650°C <HH 1^ ^^e)«V^ ^ 

<72> <^A]afl 3> 

<73> q^-n>HLfl^ ui-g-^KNi-Mg Solid Solution)!- f^rxr ^^Itt <#7] l>s\- 

^^Ml ^*5^^ i Q^yg #^M# ol-g.^>c^ ^tq^-(Pd) 100A -g- ^^^s f^s} 

aMI^S 3=H iL= (lift-off) 71^1 ^, #4* 71-fS. (rapid thermal 

annealing : RTA)<£H ^7l -g-^?l §HH 450 °C , l£ ^^e]§H ^ 3 



4€- .2-^ ^^-g: °l-g-*V ^^V-g- q^-n>nvil^ JI-g-^KNi-Mg Solid 

Solution)^^ ^.ni ^ *)%4± ^-ff-^ ^ , 

Efl ^ ^ ^ -f^rtr ^71^, #«r^ 7lrfl^^ ^ ^Sr^rf- 

—(LED) ^ eflo]^ cfoi^c (LD) ^ #7}^, ^tfl^M oj^o] ^ 
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^s^f- ^--r-°fl ^\^} 31-g-^l(Ni -based Solid Solution)* ^L-g- 

#7l jn-g-afl ^o\) ^^sl^ ( Au, Pd, Pt, Ru, ^ &S.<% ^l-(TCOs) # 3 

nl- 
-i • 

[^T 1 * 2] 

q^Tj] Jl-g-^KNi -based Solid Solution; Ni-X)fe M€(Ni)# 3.Z\]3. Mg, Be, Ca, 

Zn, S, Se, Te^ -tf^s)^ i#*Rr 5>-g- ^AjjL *>^r *VE^ 

3] 

q^Tfl Jl-g-^KNi-based Solid Solution; Ni-X)* ^*V^ X^i^ Wau|(Sb), 
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4] 

qsgTll ±L-§-3l(Ni-based Solid Solution; Ni-X)» ^*>fe- ^7>«1^ 1 - 49 

-1 • 

5] 

¥*Htt 1~10,000A; ^ 
^l^r l~50,000A-° JeL 3^-§- ^JlS sfe ^iM" #5.^2i\ 

6] 

^S^-g- ^fofl -H-MKNi -based Solid Solution)^. Jl-8- 

^-71 ^ofl AU; Pd) p ti ^ Ru^-^Ai ^ehsI^ 

^ 31 1-9-^ ^#4-; 
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^7} XI Al, Ag, Rh^lH ^H)^ Ifsfe 2 

7] 

Xl 6* 0 H1 ^<H^1, 

Xl l#^r cfl^l ^ 3*2.^ ^SH§-(TC0s)-g- 

A o v 7l ^ ^S-^ ^sl--i-(TCOs) ^-r-°ll Al, Ag, Rh^H -id^jslfe 1#* i^Hfr Xl 2 

^ SL^Rr P ^ «K£Xl^ J^ o. ^«Vn}-. 

IQtt 8] 

-n-g-^l 1-10,000 A; 

Xl 1^ 1-50,000A;^ 

XI 2^ ^MItt 1~50, 000 AS ^ Hs^f- aVE^ 

0.^1 ^ ^ o. o^ V ^«VnV_ 

9] 

tf-M ^ XlS<!>Rr «<HH 5a<H*l, 

^-g-Xll- ^^>7] ^<Hl ^zhf- tiVs^l^^) Ur^fif ^h#-g- Xl^M ^#^8- XI 7] 
*}xr #X1; 
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3l*Hd o-^r ^^-7l(e-beam evaporator), — ^ ^ (sputtering) , 3? 5lH*i 

^M(PLD) # <Hii *>^r# °l-8-*M 2 x lO- 6 ~ 5 x 10~ 8 Torr ^ #31 

A o V 7l 250 ~ 800°C^ SrSLS. ^7l, lEfe ^-^71 30^ ~ l^^V 
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15. 4a] 
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15- 6] 
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[5- 9] 
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